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Posted: Thu NOV 9, 1989 11:25 AM EST Msg: OJIJ-1622-3568

From: MABBOTT
To: LStuart
cc: WBarnes
Subj: MODIS comments

1) The five key science questions look fine to me.
They hit the

major areas of study.

2) The
a)

b)

c)

re are some changes in the CES relationships.
Under Climate and Hydrologic systems, MODIS will make essential

contributions in estimating air/sea flux of energy through SST

measurements. This should be emphasized.
Under Biogepchemical Dynamics, MODIS will make essential

contributions to Biosphere/Atmosphere/Ocean Fluxes of Trace
Species. Specifically, it will allow synoptic estimates of

nrimarv Production in the ocean which is crucial for understanding
.
carbon dioxide uptake by the ocean.
Under Ecological Systems and Dynamics, MODIS will make essential I



contributions to Long-Term Measurements of Structure/Function.
In par~ular, the long time series of phytoplankton biomass and
primary-production may be one of the most important legacies of
MODIS. In the area of Physical/Biological Interactions, MODIS
will also provide essential information for comparisons of
biological patterns (both terrestrial and oceanic) with physical
forcing. This cannot be done with any other sensor. Finally,

I would upgrade the contribution to Models of Interactions,
Feedbacks,

and Responses to Essential. MODIS will provide crucial data for
developing and testing such models.

d) I would delete the reference under Earth Systems History.

3) Under Core Products, change the chlorophyll fluorescence to +/-30%.
This may be optimistic, but for most conditions, we should be able
to do this well in the basic fluorescence measurement. I think the
higher errors referred to estimating pigment and production from
fluorescence; these two products are in the special category.

That’s all for now.

Action? purge
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Action?

Posted: Thu Nov 9, 1989 6:03 PM EST
From: [H.GORDON/OMNET] MAIL/USA

~[ ~~M~~~&;-2927,08

To: BGU_enther/gsfcmail, JBarker/gsfcmail, LSTUART/gsfcmail~
Psler/gsfcmaill
VSal-omonson/gsfcmail, WBarnes/9sfcmail~
[H.GORDON/OMNET] MAIL/USA, [K.CARDER/OMNETl MAIL/USA,
[M.ABBOTT/OMNET] MAIL/USA, [0.BROWN/OMNETl MAIL/USA,
[R.EVANS/OMNET] MAIL/USA, [W.ESAIAS/OMNET] MAIL/USA

Subj: MODIS–N

H.R. Gordon’s Comments Re the latest MODIS-N C/D

Table 3.3.3 IFOV’S and Spectral Band Characteristics:

I am a little concerned about the change in the 750 nm band to 745 nm.
From some old figures I have there is a water vapor absorption band that
seems to extend from about 715 nm to 740 nm. If the 745 nm band shifts
at-all to shorter wavelengths it will shift into
is also an Oxygen band that starts at 759 nm and
nm. If the band is at 750 nm it can shift by +/-
into the water or the Oxygen bands. If it moves

the water band. There
extends to about 770
4 nm without getting
into the Oxygen band,

. ,.:,,,:
,.,,,...



we should be–ale to correct for the Oxygen absorption; however, if it
moves into the water vapor band I do not know if we will have enough
information to perform a correction for the water absorption. Although
I expect this has been looked at in detail by others already, I would be
happier if Mike King would look at some better spectra of water vaper
and see if the 750 nm to 745 nm shift is a much of a problem as I think
it might be. I must point out that this band is VERY important to ocean
studies since it will be the key band for atmsopheric correction. I
would hate to see an error here slip through the cracks at this late date.

Table 3.3.4.1 Modis-N VIS, NIR,

I still believe that the required
value of Ltypical.

SWIR Bands:

SNR’S be specified at MORE than one

Table 3.4.5.2 Absolute Radiometric Accuracy Requirements:

What happened to the “GOAL” column in this table? Although I don’t
support high accuracy calibration as a REQUIREMENT, I think it is a
bad idea to leave the GOAL out. We all know that ocean color requires
very high radiometric accuracy, so why not indicate this up-front and
specify goals.
.P~.-’.f

****************** ****************

The next two questions refer to the ability to maintain (and
demonstrate) the desired stability of the instrument. This is critical;
however, I can only ask the questions.

Section 3.4.9.1 In-Flight Radiometric Calibration:
t,,’,,.,.I.=*,,..- -<,+.-..m -,,.

I@:th.iS<’’Se”ctionthe statement “. . . shall be made with sufficient accuracy
~o r,.,}..

assure that the calibration re~irements delineated in this
specification . . .“ is included. Does this mean that the accuracy in
Table 3.4.5.2 is the required accuracy?

Section 3.4.9.3 In-Flight Reflectance Calibration:

In this section the statement “. . . shall be adequate, when combined
with other on-board calibrations, to maintain the calibration and
stability requirements . . . “ is included. Is this good enough, i.e.,
can we insure +/- 2% stability over 5 years (3.4.7.2) using radiometric
procedures that are accurate to 5% (Table 3.4.5.2)?

***************** *****************

Action? purge
..,>,~.>~.>.,..... ..



purged. ‘-~

Action?

Posted: Fri NOV 10, 1989 2:04 PM EST Msg: IGIJ-4090-8243/08
From: [H.GORDON/OMNET] MAIL/USA
To: BGuenther/gsfcmail, JBarker/gsfcmail, LSTUART/gsfcmail,

PSlater/gsfcmail,
VSalomonson/gsfcmail, WBarnes/gsfcmail,
[H.GORDON/OMNET] MAIL/USA, [K.CARDER/OMNET] MAIL/USA,
[M.ABBOTT/OMNET] MAIL/USA, [0.BROWN/OMNETl MAIL/USA,
[R.EVANS/OMNET] MAIL/USA, [W.ESAIAS/OMNET] MAIL/USA

Subj: MODIS Accuracy Estimates

In reference to the table specifying the accuracies of various products
(in the package that was sent to the Modis Team) and in the interest of
accuracy, I have a few comments concerning the ocean data products.

C. Water Leaving Radiance: Under good conditions, relatively clear
atmosphere, nearby clear water pixels on which to base the atmospheric
correction and at pigment concentrations of - 0.5 mg/m’3 or less, we
achieved an accuracy of +/- 10% with CZCS; however, in the general
situation the error is larger. Thus, for CZCS an accuracy of +/- 10%
under OPTIMUM conditions was demonstrated. For MODIS (and SeaWiFS) the
addition of the bands at 745 and 865 nm removes restrictions that were
present with CZCS, i.e., no clear water areas are required, etc. My
goal for MODIS and SeaWiFS (and I expect to be able to achieve it) is
an accuracy of +/- 10% (or perhaps some what better) under TYPICAL
conditions when the pigment concentrations is --0.5 mg/m’3 or less.
Thus the real improvement is from +/- 10% under OPTIMUM conditions to
+/- 10% under TYPICAL conditions.

D. Chlorophyll-a Fluorescence: I don’t know where this number came from
or what it means. Is it the error in the water-leaving radiance
resulting from fluorescence? Is it the error in something derived from
fluorescence? If,thefluorescence is weak,say ,at a chlorophyll
concentration of’O.l mg/m”3, the error in the measurement of the
fluorescence radiance may be very much larger than that given, and at high
concentrations it might be less.-

E. Chlorophyll-a Pigment Concentration: The comments I
to water-leaving radiance (C) above apply equally well
replacing OPTIMUM conditions with TYPICAL conditions.

made in reference
here. The key is
In fact the error

in-the pigment concentration algorithm for in Case 1 waters using SHIP
data is - +/- 20% so the accuracy in the table is approximately that
which we think is possible from ships, i.e., it implies a PERFECT
atmospheric correction and NO sensor noise.

G. Detached Coccolith Concentration: I don’t know where an accuracy of
+/- 35% came from. We have not made a good assessment yet; however, the
accuracy becomes better the higher the concentration of coccolith. I
have no real objection to the 35% figure; I just don’t really know what
it should be.



I. Attenuati6~t 490 nm: Same comment here as for (C) and (E).—

L. Angstrom Exponent: I don’t have a number that I can go to the wall
for, but based on the CZCS experience, I expect +/- 15% is reasonable
for the exponent between 745 and 865 nm for TYPICAL scenes over the

ocean. The more turbid the atmosphere, the higher the accuracy.

Conversly, for very clear atmospheres the error will be larger.

M. Single Scattering Aerosol Radiance: This was never determined

routinely for CZCS; however, we expect to start with the existing data
base in the near future. What was determined for CZCS was the actual
aerosol radiance at 670 nm. An accuracy of +/- 10% is reasonable at this

wavelength for Case 1 waters with pigments < about 0.5-1. mg/mA3.

Action? purge
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Posted:
From:
To:
cc:
Subj:

Tue Nov 14, 1989 12:50 PM EST Msg: HJIJ-1622-6941

AHUETE
LSTUART
VSALOMONSON, CJUSTICE
COMMENTS TO MODIS SPECS ND PRODUCTS AND GLOBAL CHANGE

Attachment #1. “Fundamental Questions in Earth Science to be addressed by
MODIS :

In my opinion the terrestrial component (item 2) seems rather short
considering considering MODIS will be the major driver for global change
studies over land surfaces. The following are some additions for your
consideration:

?1
● . MODIS will provide improved estimates of the areal extent”,

seasonal dynamicsr and community composition of major terrestrial biomes./,.,. sK+**&~;~*:%:.* .:~:):+::.,-..’:...~..........
MODIS will play an integral role in monitoring hydrologic processes

and fluxes within the major biome types. Improved estimates of soil
moisture storage (and storage capacities) and evapotransplratlon will

become available.

MODIS will play a key role in biogeochemical cycling of Carbon and
Nitrogen through analysis/ monitoring of vegetative growth, senescence,
anddecomposition processes within the major biome types.

- MODIS will help in studies of the influence of albedo changes on

surface surface heating/cooling and associated regional climates,
particularly with respect to tendencies toward aridity.

-MODIS will help in quantifying the factors controlling the spatial
distribution and biomass of plant communities (topographic~ geologic~
climatic, and eda , and edaphic factors) .



—

Figure 11 “Pr~orities framework” looks okay.

Attachment: Support comments for Ces priorities chart:

With respect to the Biogeochemical and Ecological Systems Dynamics se
Dynamics sections, I believe MODIS can monitor both growth and
decomposition processes within major biomes. The decomposition component
is often regarded as the parameter in studying ecosystem health,
function, and degradation. To be able to monitor both processes (growth
and decomposition ), which overlap in space and time, the equivalent of a
set of ocean “color” bands are needed for land studies studies. HIRIS
will help in this respect by validating algorithms and checking data ac
checking data accurancy, however, a weekly MODIS product is needed to
capture the dynamics of vegetatee the dynamics of vegetated biomes.
Since, MODIS-N color bands will saturate on land, I hope land, Ihope or
urge that the “color” bands on MODIS-T be made available for land
studies through the dual system discussed previously. Thus, the temporal
frequent MODIS-N would be supplemented by less frequent MODIS-T and even
less frequent HIRIS data. Such a synergism will aid in both carbon cycling
studies as well as well as ecosystem dynamics.

MODIS LAND[D[D[D[D[D[D [DSS L[D-[DLAND DATA CORE PRODUCTS:

Recommendations for addition to the list include:
[D[D[D[DScience Question

[D[D[D[DAccuracy
1. Biome type ~ [D[D[D2 [D[D[D[D N/A
2. Primary production 2 [D[DrA2=0.5 to r“2=0.8
3. Incident PAR [D2 [D[D[D?
[D[D+/-2o%
4. Broad soil”Types ,.,. ,.

[A[A[A[A[A[B[B[B[B[B[B[A[C?C [C[C[C[C[C[C[C[C[C[C[Cy~C’[c[C[C[C[C[C [5.
Thermal inertia 2

5. Thermal inertia 2 ? N/A
6. Land moisture regimes 2 N/A
7. Land thermal regimes 2 N/A
8. ET ?

Numbers 1 and 4 can be addressed by the MODIS team. Biome types can be
discriminated both phonologically (as is already being done with AVHRR)
and spectrally (using HIRIS, MODIS-T , and MODIS-N) : I personally can
tackle the soils product as this will compliment the more general albedo
product that is already on the list. The primary production may be
achievable with current vegetation index integration techniques.
The others are achievable, however, the land subgroup has too few people to
effectively accomplish these products. We may need to save this for the



next team mee@g.—

MODIS-N specifications:

1. This final opportunity may already be mute, however, here goes:
Was the possibility of use of the ocean color bands over land

eliminated? due to SNR constrains? or cost factors of bilinear gains?.

The color band would have been exellent over the land for differentiating

vegetation communities, soil types, and decomposition products (litter,

standing dead vegetation, soil.organic matter) . Although concerned, I

believe the MODIS-T will rescue this scientific need if the dual mode is

implemented and if there is enough access to the sensor for land studies.
HINRS would only help in product validation and qualitY
control .[D[D[D[D[D[D[D [D[D[D[D [D[D[D[D[D[D[D [D[D[

4
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From: Chris Justice
To: Locke Stuart/ Vince Salomonson.

Comments on the Salomonson Package (deadline Nov
15)

NB. Direct addition to the document is provided in italics.
Other additions should be made as suggested in the memo. I
see that a further iteration is required once all the
comments have been included. However a fast turn around
can be expected on the second iteration as it will be a case
of agreement or disagreement.

1. The Team Member Letter.
Apologies for sounding as if the needle has stuck but:
I dent think the ‘ 5 Questions/Areas ‘ is the way to define

,,.”, the problem of identifying EOS science objectives and to
prioritise the payload. It is one of the problems that we
have had all along, namely ‘we have designed an instrument
what can we do with it? A better approach would be to
define the specific science questions and design the
instrument combination to provide the data to address the
question. Identifying individual instrument capabilities in
isolation runs contrary to the concept of an integrated
system with different sensors working synergistically.

. . . .....~.!f,’ Similarly if the synergism issue is not addressed at this
time, instruments needed together may be on different
platforms. In spite of my strong feelings on this issue I
have made some changes to the MODIS 5 below.

2. The 5 Fundamental Questions. (Suggested
alterations).
Point 2...........Modis will provide improved estimates of the
areal spatial extent of major biomes, their internal
characteristics and seasonal variability. Modis will also
provide regions/ monitoring of spatial changes in land cover
and land use with particular emphasis on forest alteration,
agricultural expansion and land degradation. Information
derived from Modis.
Point 3 ...... I believe that this point should be adjusted as..



-.
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follows move from the general to the specific: Modis wi//
provide global data sets of surface temperature and albedo
which will be used to provide improved data for modelling
the energy ba/ante of the p/anet. Particular emphasis will
be placed on providing improved estimates of the spatial
extent of snow and ice cover along with its temporal
variation Additionally ......... .

3. Figure 11.
My reading of the Document indicates that MODIS will play
the following additional roles:
Biogeochemical Dynamics:
Biotic fluxes of trace gases ( Essential)
Terrestrial inputs to marine systems (Contributing)
Human Interactions:
Population growth and distribution (Contributing)
Solid Earth Processes :
Surficial processes (Contributing)

4. Comments to support CES priorities chart.

Climate and Hvdroloaic Svst ems

Para 1. Solar reflectance and thermal emission was not a
strong statement in the 5 MODIS silver bullets. This
reinforces my suggestion for Point 3 above. , .
Para 4. Same point as in Para 1.

. .
Ioaeochemlcal Dvnam&

Para 1. Add .....from MODIS in an improved form. Improved
indeces will be developed as part of the MODIS program,
incorporating the reflectance contribution from soil and
sutiace litter components of the scene.

Para 2. These ISLSCP interaction studies are planned for
1992 and it is unclear that by MODIS launch there will be a
continued program. . For example there is no return to FIFE
will there be a return to SIFE ?



—.

A new para should be added to include direct measurement of
fires by MODIS giving much improved trace gas emission
estimates from tropical biomass burning.

A new para should be added to include MODIS capability for
monitoring active fronts of deforestation and the use of
HIRIS data (high spatial) in conjunction with MODIS (high
temporal / moderate spatial) to give the necessary
multi-level data for monitoring tropical deforestation
components.

Ecological Svste ms

Para 1. I do not agree with this sentance and would
certainly change it. On page 56 there is no statement that
VI data MUST be combined with HIRIS to make a fundamental
contribution.’ Modis alone will make a fundamental
contribution however, High spatial resolution data will help
in certain areas of high spatial variability to improve our
understanding.of the Modis sensor response. Same applies
for SAR .?

Essential and contributing roles of MODIS were not marked
for the following categories on Fig 11.

,...

~uman lnt~tlo~
.

Estimating Population growth and distribution can be
greatly assisted by knowledge concerning shifting patterns
of land-use, agricultural expansion, deforestation
particularly in areas where information is absent or
questionable. Modis could provide such knowledge on land use
population distribution. which will contribute to the
sampling program to provide improved estimates of
population distribution.

Solid Earth Processes

Modis will contribute to the study of surficial processes for



—

example by providing information with which to determine
run-off characteristics, sedimentation and erosion at the
regional and watershed scale.

5.TABLE OF MODIS PRODUCTS AND ACCURACIES.

I am not clear how these estimates were obtained for
accuracy and would like to do this at the next meeting and
have the author present how the calculations were done.
The +/- .1 for NDVI is clearly wrong. What is the 6th
Science Question?

6. The SPEC

From the MODIS meeting last week it is my understanding
that it is too late to itterate changes with the team. I hope
we have caught most of the points. We should minimise
future change> but need the mechanism to make changes if
absolutely necessary to the Science Objective.

7. I am reading the CORE product document and will
comment when I can. The next meeting should be tha time
that this is done in detail. All members should come to the
meeting with detailed comments on the document.



DR. YORAM J. KAUFMAN ~oufiv November 6, 1989
code 613, NASA/Goddard SFC Work Tel, (301) 286-4866
Greenbett, MD 20771

~M&ti
Home Tel. (301) 989-0773

FAX (30~) 286-4804 BITNH ZWYJK@ VPFVM
—— J \ w 1

Modis water vapor and fire channels

1. Water vapor in cloud free atmosphere
A sensitivity study is being conducted for the optimization of MODIS bands 18 and 20.

Though the study was not finished as yet, present results show that there should be an advantage
making the following changes:

channel # old wavelengths (rim) new wavelengths (rim)
center bandwidth center bandwidth

18 908 35 905 30
20 950 20 940 50

The present setting generates 2 channels, one with medium water absorption (18) and
second with strong water absorption (20), in addition to band 19 that has maximal water vapor
absorption in the near IR. The remote sensing procedure will be based (as presently conceived) on
ratio of 2 channels, a non-absorbing channel (band 2) and an absorbing channel (band 18, 19 or
20). In most cases of remote sensing of water vapor in cloud free atmosphere the ratio of band 2
to band 20 will be used. For very dry conditions the ratio of band 2 to band 19 will be used, and
for very wet conditions the ratio of band 2 to band 18 will be used. The provision of 3 water vapor
channels with substantially different absorption strength, will also provide the opportunity for
correlation methods to be developed, in a similar line to the methods proposed for HIRIS. The
wider channel 20 will make it less sensitive to uncertainties in the spectral band.

2. Detection of fires

Since the 2.06 channel was canceled and it was not found useful to generate a new cloud
channel, it is proposed to form a special fire channel. As a result the 2.06 channel is proposed to
move to 3.75w with width of 50 nm. The channel should not saturate under
step of at most 5“K.

,,.

700”K and have a

.



DR. YORAM J. KAUFMAN November 6, 1989
Code 613 NASA/Goddord SFC Wok Tel. (301) 2W4866
Greenbett, MD 20771 Home Tel. (301) 9894773
Fax(301)2~ Biinet: ZWYJK@ VPFVM

DR. tiE STUART
DR. MIKE KING

MoDls

PROPOSED REVISIONS TO THE MODIS DOCUMENT

A. Fundamental questions in Earth Science to be addressed by
MODIS:

~. ....cloud properties including cloud type, temperature, altitude, cloud. .

optical thickness, ......

~ (additions are bold): ....cloud properties including cloud
type, reflectance, tempemture, altitude, size distribution, cloud opticai thickness, ......

~ ANATIO~ cloud area and perimeter, or in short “size distribution is one of the MODIS

products. It is important in understanding cloud dynamics, and its relation to perturbations such
as pollution and global warming. Cloud reflectance in the visible spectrum is used to derive the
optical thickness, and so in a way it is not an independent parameter. But since it is directly
related to climate, through the reflection of sun I-ght, and since there are sjill problems in
comparison between the optical thickness derived from the measured reflectance, and ground
truth, I feel that it should be monitored independently, in order to reveal effects of pollution and
climate change on cloud radiative interaction through its reflectance.

2. The word improved appears twice (third line from the bottom).

u“ ,>

~. . . ..e.g.. . volcanic activity, aeolean’ transport, and sea “
salt) ....Measurements of fire she and land cover when...... ~”

~ (additions are bold): . ...e.g. volcanic activity, aeolean
transport, desert dust transport and sea sait)....Measuremerts of fire size and
temperature, and land cover when ......

PI ANATION ; Desert dust is a major aerosol phenomenon and should be explicitly
mentioned, mainly if MODIS emphasize is on semi-dry and desert areas. Fire temperature is
very important since for different temperatures of the burning, a different mixture of the trace
gases is released. By the way I did not found the word aeo/ean in a dictionary.

11..

&It is SU_ toadd● or●* to “Bm/Atm/Ocean fluxes of Trace Species”.
N: Remote sensing of biomass burning that 1understand belongs in this category,

is responsible for emission of trace gases from the biosphere to the atmosphere. Due to
deforestation in South America, and due to increasing rate of savanna burning in Africa and other

:,-,



DR.YORAM J. KAUFMAN November 6, 1989
Code 613 NASA/Goddard SFC Work Tel. (301) 286-4866
Greenbett, MD 20771 Home Tel. (301) 9894773
Fa (301) 2~ Btinet: ZWYJK @ VPWM

areas, the~nput of trace gases to the atmosphere is a growing problem. Except the CO monitoring
suggested EOS instrument, MODIS is the only sensor that can be used to monitor fires and an
emitted product - aerosol that through the fire temperature is related to the emission of other
trace substances.

5. It ISsu-
.

to add ● to “Volcanic Processes”.
N: MODIS can monitor the surface temperature, that can be an early warning of

volcanic activity. It can also monitor dust or sulfur aerosol generated in the volcanic activity.
These can be used to detect volcanic activity that had happened but was not discovered before, as
well as to estimate the magnitude and the characteristics of the activity, and its effect on the
atmosphere.

ROUGH DRAF1’ SUPPORT COMMENTS FOR CES...

5. In :“Climate and Hvdrolooical Svste ins”;
In the end of the first paragraph it is

vapor and aerosol particles that
determine the ‘cioud characteristics
page 35). .. .

7. IN BOaeOCi heroical dvnam~
At the end of this section I think that

suggested to add: MODiS aiso monitors water
interact to form ciouds, and therefore
(see CES high priority research need (i)

a short paragraph on biomass burning, related to
deforestation and agricultural practices, should be ati”ed, since it is one of the main pathways of
the interaction between vegetation and the atmospheric chemistry. Recently there is also strong
indication of the effect of savanna burning on acid deposition in Africa. Their importance is
mentioned in CES:

p. 42 - acid rain and deforestation.
p. 50 in high priority research needs - “The development of improved trace gas and

particulate emission inventories ......such as fossil fuel energy policies and land-use patterns”
.—

The knowing may be an example of the paragraph:.. ..

MODIS, through remote sensing of aerosol emission, fire frequency, size and temperature,
will improve the trace gases and particulate emission inventories (CES p. 50) by monitoring
biomass burning in tropical forests and savanna regions, as well as aerosol concentrations in
industrial regions.

B. In Human Inte actOns
.

r i
estimating --> estimating
urg anization ..?--> urbanization

Table of “Preliminary est imates of MODIS co re data Droduct...
In IA. change ~1O% to 0.2pm for the present day and O.lW fro MODIS
IN. I.H. change +15% to fi%

Table 3.3.3
~~Band 7 do not delete, but change to 3750 center band, 428 m IFOV 50 nm bandwidth.



DR. YORAM J. KAUFMAN November 6.1989
Code 613 NASA/Goddard SFC Wok Tel. (~”1) 286-4866
Greenbelt, MD 20771 Home Tel. (301) 9894773
Fax(301)286-4804 Binet ZWYJK@ VPFVM

Band T8 change to 905 center band, 30 nm bandwidth (see attached letter for explanation).
Band 20 change to 940 center band, 50 nm bandwidth (see attached letter for explanation).

Table 3.3.4.1
Same changes as in table 3.3.3 for the center wavelengths. For the new band 7 the

requirements are as for the old 21 h channel, except that the typical scene temp is 400”K.

—
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N g\N~ M D *JA .,
Fundamental QuestIons in a th Science to be addressed by MODIS: 3 .I “,.

\}’JIL

1, Throuqh global observations of ocean color, solar-stimulated
“ ;~j $“ *

fluorescent—and thermal emission MODIS”will provide greatly improved
#

estimates of phytoplankton biomass, oceanic photosynthetic potential, and

sea surface temperature, These will provide improved understanding of

the magnitude and variability of oceanic primary production (and the

ability of the oceans to sequester carbon), ocean physical variability
(related to ocean and ocean-atmosphere heat and mass flux), and the

coupling between ocean biological and physical phenomena. MODIS data

will lead to better understanding of th”e transformation of inorganic

carbon into organic forms and their eventual burial in deep marine

sediments (a key process of the carbon cycle), and the planetary heat and

moisture cycles, and how variations in these cycles are affected by, and in

turn affect global climate change. MODIS will provide oceanic

observations important for addressing oceanic components of global

biogeochemical cycles, the hydrologic cycle, and the energy budget of the

Earth.

2. Through the acquisition of daily and global observations at spatial

resolutions of 214-856 meters, MODIS will provide improved estimates of

the areal extent of major terrestrial biomes. MODIS will assist in the
estimation of photosynthetic potential, biomass, evapotranspiration and

net primary productivity within these biomes and will monitor their

phenology and changes in state. MODIS will also monitor spatial changes
in land cover and land use with particular emphasis on forest alteration

and land degradation in semi-arid environments. Information on the nature
and rates of change, including those brought. about through anthropogenic
activities, will be used to understand their contribution to regional and

glo~al climate: change: “’ ~~
.,

f

tae dttiti-efi
3, Through daily and glo 1, relatively high spatial resolution (2 14-856
m,), and long-term mea urements of cloud properties including cloud type, re$d a-
temperature, altitude, Acloud optical thickness, thermodynamic phase and

effective particle radius, MODIS will provide information leading to a

better understanding of the effects of clouds on the radiation budget of

the Earth and the role’of clouds in the so-called greenhouse warming of

the Earth including associated feedback mechanisms associated with the

dynamics of the atmosphere. Additionally, these observations will provide

~improved estimates of surface-incident photosynthetically

active solar radiation for use in studies of oceanic and terrestrial primary



/’

4. MODIS will provide estimates of the spatial extent of global snow and

ice cover along with its temporal variation. Additionally, through

measurements of snow and ice extent along with concurrent observations

of surface% mperature, out~oing long~ave radiation, cloud cover and
bi~directional reflectance obtained from MODIS, better understanding of

the dynamics of snow and ice melt processes over large (greater than

several thousands of square kilometers, for example) watersheds,

continents and the globe will be derived with subsequent better

quantification of the role of these processes in the hydrological cycle.

5. Through observations of marine and continental aerosol properties on a

global basis, MODIS will provide information as to the spatial and

temDoral variability of aerosols and their relationship to sources and

~ ~.~
sink”s asso~~~te~ ~~~~ atural ~enomena (e.g. ‘o]canic act~vity ’ aeo’ean
transport%an sea salt and anthropogenic act~ty (e&g., biomass and

Nfossil fuel burninq).~Measurement of fire sizeAan an-when

combined with ground and airborne measurements will provide regional

and global estimates of trace gas emissions from biomass burning. The

interaction between aerosols and water vapor will also be studied in the

context of cloud evolution.
.

,
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Climate and Hydrologic Systems

_—-— .—-//

9.

MODIS makes essential and strong contributions in this whole general ma. In
essence MODIS makes contributions through its observations of cloud properties
over the globe with relatively high spatial resolution, the extent of the major
t-strial and marine biomes plus the extent of snow and ice. Furthermore it
obsewes state variables such as solar reflectance and thermal emission that relate to
radiative processes occurring at the ocean/atmosphem and land/atmosphere
interfaces._——— —~

“>MODIS makm an essential contribution to the study of clouds tiugh z dQ~ m ~afi~. . . . .
~b~

.

Stiarly overland MODIS will monitor the extent (large regions, continental and
hemispheric) of hydrolo~cally significant land covers such as vegetation, snow and
ice, cloudiness as well as the -tional refldtance and surface timperam
leading to estimates of key components of the surface radiation balance within
variousland cover categories. MODIS-T, in comb@tion withMSR W helpto ‘..
ktter understand how to make better estimates of albedo using bi~tional ~ @ ~~ a “
observations.

‘~-m” Bio~hemical Dynamics

.,

~u...:ti~

The CES document on page 44 clearly refers to the strengths of current
observational programs being derived horn ocean color remote sensing such as that
derived tim CZCS and, in the fiture SeaWiFS. The vegetation index derived
bm the present AVHRR is also noted. Wh of these~f~ Willbe-w ?~~-~

— tim MODIS, bo~ w“+ ~~~w?~~ ae~~ ~ -d wkcd -SQ
,*’

\’ “ On page 47/CES there is a discussion of Boreal Forest-Atmosphere interaction,,,
*.&

studies that should be pursued as envisioned for ISLSCP. Here MODIS -will
,’ ‘\. contribute ,m~a.-, ~L; CDC,LG.+\C’-J d.Jfic.+vt&

-.ti,, L L:

+0 L}* ~7.S-b

J

J
&’.,p?-.@ cmaJs&7\ ~ ,.

Jn-this-area MODIS,contribut@ through its prevision of ocean *r; & surface
temperature, ocean flows visualization and the mapping of the extent of terrestrial
biomes. These then lead to estimates of terrestrial and marine ecosystems. . .

“N ‘f’~flrl > ‘~
. +!< ~*-o&o’ ..’u’&l O}

Ecological Systems and Dynamics
L.J d

>-..The MODIS provides~mgely contributory i~ormation in this general area based on
the CES document. On page 56 the vegeta~on index information is cited but this
must be combined with high spatial resolution data such as that from HIRIS and
SAR~inorder- remote sensing,h

? <

e a fundamental contribution. The
con ‘“bution~m MODIS will come m contributing to the extension of the multi-
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.,,

4’

year data record compiled by the AVHRR on the operational meteorologic
satellites. Th~ provision of the ocean color and sea surfs= temperature tim
M~S protid= an essential element in these studies for ripping~ P-
producer resources. The greater spectral information provide by MODIS relative

r

to AVHRR or CZCS/SeaWiFS shodd help in elucidating
d

system properties.

Earth System History

[

. . afi~ A EOS sti-

The long time scales in this g~ne@ category do not suggest that MODISPW* b< ~ ~
any significant contributions ~ except as they are derived m achvlaes
that fall under the previous research areas discussed above.

, ...-;.

Human Interactions

— AMODIS es a strong contribution in this ~ by offering a direct approach to
es” g the total extent of various land use practic= associated with
anthropogenic activi g these m such things are deforestitiou extent of
agridtural practice$ “ tio~ etc. The MODIS estimates must be Efined
tiugh the use of solution data to depicttiefig~&-&dWPtiSses
~g attheboundariesandwha theremaybe ~
MODIS pixels. As noted in the MODIS questions, MODIS will be most applicable
in areas with lesser cloudiness e.g., semi-arid and arid areas. monls 4
~ti,dQ d ~~6 4-J dti’d+ *m.

SolidEarthProcesses

MODIS will contribute to this area through mapping the extent of Pe-st and
large glaciers or ice sheets. It will dso serve a role as an early detection mechanism
for volcanic eruptions in remote ~ (i.e., the high temperature bands on MODIS-
N are there, at least in pa to provide this capabii$~~

Solar Influences

MODIS makes only very minor, if any, conrnbutions in this area.

...’... . ... .



To: LSTU~
Subj: IWG Input

Locke:
Herewith my response to the IWG input.
1. The fundamental questions and priority framework seem ok.
Z. The support comments seem a little general and vague. I’ve written a
couple of paragraphs for the Biogeochemical Dynamics, and Ecological
Systems and Dynamics sections. I don’t expect you to adopt them verbatim of
course, but you may find the odd phrase or idea useful.

Biogeochemical Dynamics.
The CES document (P44) refers to the remote sensing of ocean color from
CZCS and vegetation index from NOAA as current observational strengths. In
fact, there is no current ocean color satellite, and observation in the
early 1990’s depends on the launch of SEAWIFS. MODIS will allow much
improved estimates of ocean color, and other important parameters such as
attenuation coefficients, dissolved organics, etc, especially in shelf
areas which are important sites of carbon burial in sediment. MODIS will
also allow mapping of terrestrial biomes, and their structural and
functional properties, at improved spatial resolution.

The estimation of fluxes, as opposed to standing stocks, is essential to
biogeochemical dynamics. MODIS will permit improved estimates of marine and
terrestrial production, by providing measurements of physiological
indicators, such as chlorophyll fluorescence in the oceans, and driving
variables such as surface illumination and surface temperature. MODIS
estimates of aerosols may also be significant, given current theories of
limitation of marine primary production by aeolian trace metals.

Ecological Systems and Dynamics.
The CES document suggests three components to this area: characterization,
measurement and monitoring; research on ecological processes; development
of predictive models. MODIS allows global monitoring of terrestrial and
marine ecosystems at coarse spatial but fine temporal resolution. It
provides frequent estimates of coarse biomass measures such as ocean’color
and NDVI, and more specific information such as coccolith or blue-green
algal abundance in the oceans. MODIS also contributes to research on
ecological processes by providing data on physical driving variables (solar
illumination, temperature, cloud cover) on short time scales. Ecological
processes cover a large range of space and time scales, and MODIS fills an
important slot in this spectrum.

3. The Table of products and accuracies bothers me. It may be acceptable as
a rough guide to product accuracy, but I’m not sure it would stand rigorous
scrutiny. It would of course require a very large, detailed and exhaustive
study to back these estimates. The MODIS CORE DATA PRODUCT AND ALGORITHM
REPORT mentions estimated accuracies in some but not all cases, but does
not attempt to rigorously examine these estimates. Some general comments:
The use of percentage errors is in many cases misleading as the percentage
error depends on the signal strength (eg water leaving radiance and
chlorophyll fluorescence) .

In some cases (eg chlorophyll and attenuation algorithms), the database



supporting etiical formulae is still limited, and it is unclear that
errors found in a relatively small number of local ground–truth experiments
can be applied to routine processing of global data. Reporting R–squared
values is not very useful in my opinion, especially in cases (eg primary
productivity) where log-log regressions are involved.

More specifically, with regard to the ocean data products:
a. I doubt that water–leaving radiance is currently estimated from CZCS to
within 10%. In some cases, this requires that the atmospheric signal
(Rayleigh plus aerosol) be calculated and removed with 1% accuracy, and I
don’t think we can do this for CZCS. The 7% figure may be reasonable for
“typical” but not for low (eg high chlorophyll blue) water-leaving
radiances for MODIS.

b. Again, I suspect that the percentage error in chlorophyll fluorescence
will range from low at high chlorophyll to enormous at chlorophyll values
less than 0.5 mg/m3.

c. I think product E should be explicitly CASE-I Waters Chlorophyll. While
the 35% accuracy is often quoted for CZCS chlorophyll, it is not clear that
this applies to scenes processed “at random” by automated algorithms. I do
not know the basis for projecting a 50% accuracy for CASE-II chlorophyll
estimates from MODIS.

d. Product I (attenuation at 490 nm) surely applies to CASE I waters. I
doubt there is much point in including the R-squared value.

e. In the case of product K (primary productivity), the R-squared value
means little. If one uses log-log regressions of productivity on surface
chlorophyll, the scatter about the regression line spans an order of
magnitude. Thus, an error of about 300% seems appropriate. I don’t think we
can give a realistic estimate of the accuracy which will be attained with
MODIS .

Hope this helps . . ..John Parslow.
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Posted: Tue NoV 14, 1989 4:20 PM EST \ Msg: AJIJ-1622-72t2

I
From: SRUNNING
To: lstuart
cc: vsalomonson \
Subj: MODIS comments

\
Locke, here are some comments on the MODIS packet

\

COMMENTS BY STEVE RUNNING AND RAY HUNT, UNIV OF MONTANA
15 NOV 1989

\
Fundamental Questions in Earth Science to be addressed by MODIS

I
We find the current discussion for terrestrial ecosystems seriously
flawed. Mapping areal extent and changes of biomes is not the most
innovative thing that MODIS will do~ it is something Landsat can
do now!! We should emphasize the repetitive coverage and global
scale. More specifically, the text does not emphasize the daily



coverage of ‘=1S that allows seasonal tracking of vegetation
activity and the comparison of that activity world wide. Also, the
discussion of uses for terrestrial surface temperatures for
following vegetation growing seasons and stresses is non–existent.
Finally, in terrestrial ecosystems the most important current logic
is the use of sensors like MODIS to drive complex ecosystem
simulation models, which then can provide computations of
“invisible processes” such as photosynthesis and
evapotranspiration. This fundamental characteristic of MODIS is
never mentioned at all, which we consider disastrous.

We propose the following text as replacement for question 2.

2. Daily acquisition of global MODIS data at spatial resolutions
of 214-856 meters will provide estimates of terrestrial leaf area
index, absorbed photosynthetically active radiation, surface
temperatures and vegetation stress. These direct MODIS products
will then be used as inputs to complex biome simulation models,
calculating important terrestrial processes such as photosynthesis,
evapotranspiration, net primary productivity, and nutrient cycling,
which cannot be directly measured by satellites. Weekly compositing
of MODIS data and simulations will then allow monitoring effects
of climatic perturbations such as drought and human perturbations
such as air pollution on growing seasons, and estimating global
variability by all biome types. Over annual time scales, areal
coverage of global biome types can be mapped, and spatial changes
in land cover and land use monitored. Final MODIS products will
elucidate the role of terrestrial vegetation in global
biogeochemical cycling and feedbacks to climate change.

Support comments for CES Priorities chart.

We propose the following text: ~~
.I,

Climate and Hydrologic Systems

ADD: MODIS will be used to parameterize global biosphere dynamics
into the GCM models for exploring feedbacks between
terrestrial conditions and climatic responses.

REPLACE :

Biogeochemical Dynamics
The highest priority in the CES in biogeochemistry is the

estimation of global fluxes of carbon between the atmosphere land
and oceans. Subsequent priorities are to understand the role of the
terrestrial biosphere in regulating the global carbon and nutrient
cycles.

.



MODIS d-~ on leaf area index, absorbed photosynthetically
active radiation, surface temperatures and vegetation stress will
contribute directly to this priority by determining global carbon
fluxes from photosynthesis, respiration and decomposition for all
terrestrial biomes using complex simulation models.

MODIS will be the only sensor with the high temper-al/spatial
resolutions necessary to follow terrestrial–aquatic transport of
materials.

Ecological Systems and Dynamics
The highest priorities of this CES section are to monitor lon9

term changes in vegetation in response to natural and human induced
perturbations, increased C02, climate change, physical/chemical
stresses, and their interactions.

MODIS contributes directly to these priorities by daily,
global estimation of key terrestrial variables such as leaf area
index, APAR, surface temperatures and vegetation stress.

At annual time scales MODIS is the only sensor that will
document changes in global land use/land cover that will influence
agro-forestry resource models.

MODIS data will be the preferred input source for complex
global biome simulation models, predicting interac~ions and
feedback responses of terrestrial biomes to cllmatlc and other
global changes.

FOR PRIORITY FRAMEWORK:
MODIS should be labeled essential for the ‘bio/atm/ocean

fluxes’ and ‘terrestrial inputs to marine systems’ under
Biogeochemical Dynamics.

MODIS should be labeled as “essential” priority for all of the
Ecological syStemS

Let me know if you

Steve Running
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Subject: NOV. 15-ResPonse

I received by express mail the package of materials requiring comment
by November 15. In general, I have no problems with the items. I
have two suggestions, documented below. /

I
I suggest the following minor change in Fundamental Question 2: I

I
1



)
. . Through the-~quisition. .within these biomes and will monitor their

vegetation structure, <-- text added here
phenology and changes in state ......

<ationale: MODIS-T should allow us to examine vegetation structure
remotely, which will be most useful in determining surface roughness~
albedo, standing biomass as well as characterizing vegetation BRDF’s.

I also suggest a double star on the “Long-Term Measurements. ..” item of
the “Ecological Systems and Dynamics” box in the priority framework
diagram. Again, MODIS-T through BRDF measurements should provide
vegetation structure data that is relevant to strengths (v)~ (ix)~ and
(x); and to weaknesses i(b), (iii), (iii)(b) (pp. 56-58, CES Report).

I suggest the following addition to the working of the “Ecological Systems
and Dynamics” paragraph of the rough draft support comments:

“The MODIS provides. .such as that from HIRIS and SAR
and angular measurements from MODIS-T and MISR <-- text added

in order to make remote sensing have a fundamental ’contribution. ...”

Alan Strahler
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Received: Men, 13 NOV -. (5.57/1.2)
Received: from ltpsun.GSFC.NASA.GOV by =mes.arc.nasa.gov (5.61/1.2); Men,
13 NOV 89 13:44:43 -0800
Received: Sat, 11 NOV 89 01:45:46 EST by ltpsun.gsfc.nasa.9ov (4.0/1.5)
Date: Sat, 11 NOV 89 01:45:46 EST
From: didier tanre <didier@ltpsun.gsfc.nasa.gov>
Message-Id: <8911110645.AAO1737@ltpsun .gsfc.nasa.gov>
To: lstuart@gsfcmail .nasa.gov
Subject: MODIS

1. Fundamental questions : no comments
2. Priority Framework

may be add a contribution to “terrestrial inputs to marine ecosystems”
Modis will provide info of aerosols and their relationship to
sources and sinks, aeolian transport of saharan dust and deposition
processes for example.

3. Support comments
in section biogeochemical dynamics, add sources and sinks of

atmospheric
particles associated with natural phenomena and anthropogenic activity

4. Products and accuracies
May be too early to specify, algorithms are not completely defined,
checked and validated.
For the atmosphere core data, the retrieved products and their

accuracies
will depend on the surface conditional ocean or land.

Minor comments:
The single scattering aerosol albedo appears in I (atmosphere core

data)
and in III( ocean core data), with a different accuracY=

The angstrom exponent in part III has to be defined, related to
aerosol

optical thickness or to aerosol reflectance?
5. Specifications

In table 3.3.4.1, the max spectral radiance in band 9 has been
decreased

(175 to 150) in front of the previous spe. (/09/18/89) with no
significant

improvement of SNR. The previous one was better to study large
aerosol

event. Why this change?

D .TANRE
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To: Locke Stuart
From: John Townshend

Subject: Input for EOS lWG/SEC Facilities Panel with respect to MODIS.

Having discussed the document with COJ a number of additional points arose which he suggested I
should communicate directly to you.

Figure 11 and accompanying text.

I do not understand why MODIS is only seen as ‘contributing’ to many topics under Ecological
Systems and Dynamics. This may link with the rather down beat comments under this section-
heading on the following page.

MODIS is NOT simply an extension of the AVHRR. Its much better spatial resolution globally
(428/214 m versus 4 kms), additional bands, better radiometric properties etc etc all mean
that it will provide essential inputs to all the areas where it currently has a double star
(contributing), and it is surely going to ‘contribute’ (at least) to long term measurements of
structure and function.

Moreover MODIS will undoubtedly provide an ‘essential’ input to the study of changes in bnd
Use (under ‘human interactions’). HIRIS will also be important but its data will not be
available with sufficient frequency on a global basis for this task.’

The comments under the heading ‘human interactions’ with reference to semi-arid areas and
cloudiness is unhelpful: the problems of cloudiness refer to every optical sensor and it is the
high ‘temporal resolution’ of MODIS which makes it such a key sensor for more cloudy areas.

Pointing knowlecfge(section 3:4.6.1.)

I do not know what this spec translates to in terms of inter-image registration. The only point I
would emphasis in the strongest possible way is the need to obtain sub-pixel registration
accuracy in the standard products given to the user, given the vitalrole of MODIS in detecting
and monitoring change. The lower our pointing knowledge, the higher the burden in achieving
high registration acuracy on the ground.
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11.B. Surface Temperature

present-day:

+- 3 degree C from limited in situ evaluation,

+– 6 degree C from general simulation

MoDIs-era:

+- 1 degree C for known surfaces,

+- 2 degree C in general

I also update the land surface
Product and Algorithm Report.
Science Team Meeting.

Zhengming

Act@n? Pu@

temperature part in the MODIS Core Data
I will present detail in the next MODIS
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